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(54) Tide: METHOD AND APPARATUS FOR MANUFACTURING DESIGN 
(57) Abstract 

A method and apparatus for modeling and analyzing components of 
a manufactured product. Software, running on a digital computer, models 
features and components, including predetermined build objectives, of a 
product and assembles the components based on their coordinate systems. 
The software allows the user to view multiple solutions of die assembly 
process. Additionally, the software analyzes the tolerances of the features to 
assist in determining which tolerances are not critical to the finished product 
and to what extent the tolerances may be increased to lower manufacturing 
costs. 
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METHOD AND APPARATUS FOR MANUFACTURING DESIGN 

BACKGRQIJNn OF THE INVRNTinN 

The present invention relates to software and, more particularly, to software for 
analyzing and optimizing the design of manufactured products. 

Computer aided design ("CAD") software is well known in the art. This software 
allows a user to model components of a product on a computer and to designate positions 
of features, such as holes. Manufecturing tolerances, as set by the designers, may also be 
modeled by the software. Designers may modify the tolerances once they are entered into 
the software; however, CAD software is unable to suggest alternatives to the entered 
tolerances or alter the modeled product to allow die user to view the product with various 
tolerances. 

Design analysis software allows a user to model components of a manufactured 
product, model features on the component, such as a hole, and designate tolerances for 
die feature, similarly to CAD software. Additionally, die software assembles die 
components into die manufactured product. To do so, die user designates points on each 
component, and the software matches the points to assemble die components. If die points 
can be matched in more than one fashion, die user typically receives an error message. 
The user may dien designate additional points to furdier limit die degrees of freedom of 
die components so diat diey can be properly assembled by die software. Furdier, once die 
product is assembled, changes to die components cannot be made in real time. If a 
component is modified, die software must be instructed manually to update the product. 
If a product is assembled from two or more duplicate or symmetrical components, after 
one component is modeled, die remaining components may be duplicated or mirrored; 
however, the user must manually enter new variable names for each of die points and 
feanires, which may lead to tedious and repetitive work. 



SUMMARY OF THE INVFNTTON 
The aforementioned problems are overcome by die present invention wherein 
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software has the capability of modeling components, assembling the components based 
upon their coordinate systems, and providing analysis of the tolerances and the 
manufactured product. 

In a first aspect, the software models components and features on the components 
and allows the user to enter design tolerances for the features. Duplicate or symmetrical 
components may be copied by the software, and it automatically assigns new variable 
names to the features and any points designated on the component. Additionally, the user 
may enter notes in a separate pop-up window for every point and tolerance designated. 

In a second aspect, the software assembles the components based upon their 
coordinate systems. Each component has a defined coordinate system which the software 
matches to assemble the components. If there are multiple solutions of the assembly, the 
software steps through each station and allows the user to select the correct assembly. 

In a diird aspect, the software analyzes the tolerances defined for each feature. The 
software determines, for example, which feature tolerances may be increased to lower 
manufacturing costs. Additionally, the software generates "what if" reports whereby the 
tolerances may be increased to determine the overall ef|ect for the manufactured product, 
and the user may review the spread of specification limitations through simulations. 

The present invention resulted from the recognition that there is a need for more 
sophisticated analysis techniques for designing and manufacturing products. The present 
invention allows designers to determine which feature tolerances, if any, are as critical 
to the manufacturing of the product and which may be increased to lessen the 
manufecturing costs. Additionally, the software allows the designers to study the effect 
on the manufactured product of overall increases and decreases in the tolerances as a 
whole, for individual features or for individual components. Thus, the designer may more 
easily manager the tolerances and the associated manufacturing costs. 

BRIEF DESCRTPTrnN OF THE DRAWTNn.*; 

Fig. 1 is a flowchart of the method for analyzing and optimizing the manufactured 
product; 

Fig. 2 is a sample screen showing the components entered in the software; 
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Fig. 3 is a representation of tlie components as modeled in die software; 
Fig. 4 is a scliematic showing die selection of points; 
Fig. 5 is a sample screen showing die points selected on one component; 
Fig. 6 is a schematic showing die use of sub-datuming in defining die coordinate 
systems; 

Fig. 7 is a flowchart of die algoridim used for emulating tolerances; 
Fig. 8 is a schematic illustrating pattern and feature tolerances; 
Fig. 9 is a sample screen showing die assembly coordinate system defined; 
Fig. 10 is a ample screen showing die Assembly Coordinate icon; 
Fig. 1 1 is a sample screen showing die assembly of two components; 
Fig. 12 is a sample screen showing two of die components assembled; 
Fig. 13 are sample screens showing multiple solutions of die assembled 
components; 

Fie. 14 is a sample diree-box report providing analysis of die tolerances; and 
Fig 15 is a sample four-box report providing analysis of die tolerances. 

DETAILED DF^SCRTPTTON OFTHF PRPFERRKD RMROnTMFMT 
The present invention includes software for use on a digital computer (not shown). 
The mediod encompassed by die software is illustrated in Fig. 1 . Preferably, die software 
is a window-based application. 

As a first step of die mediod illustrated in Fig. 1, die component information is 
read into data files to which die software has access 10. Preferably, die information for 
each component is stored individually so that it may be loaded and viewed graphically in 
separate windows widiin die software. The software reads data files formatted in die 
International Graphics Exchange Syntax ("IGES") and die Surface International Graphics 
System ("SIGS"), or it translates files from various proprietary CAD systems. 
Alternatively, die components may be modeled direcdy in die software. 

Additionally, die components may be modeled using die "mirror" or "duplicate" 
fiinctions. Indie mirror function, used in conjunction widi symmetrical components, one- 
half of die component may be modeled directly in die software or die data for one half of 
die component may be loaded from a CAD system, and die remainder of die component 
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is modeled by mirroring the previously modeled one-half about a vertical axis. In the 
duplicate function, used in connection with component comprised of multiple identical 
pieces, such as panels, one portion of the component may be modeled or loaded from a 
CAD system, and the portion is then duplicated as many times as necessary to form the 
S remainder of the component. 

As seen in Fig. 2, a sample screen 20, commonly known as the assembly flow 
diagram 21, graphically shows three components, a fixture 22, block 2 24, and block 1 
26, modeled in the software and represented on the screen 20 by icons 28, 30, and 32. 
The data for each of the components 22, 24, and 26 is stored individually. Double- 
10 clicking one of the icons 28, 30, or 32 opens a separate window for each of the 
components 22, 24, or 26 so that each may be manipulated individually. Representations 
34, 36, and 38 of the components 22, 24, and 26, as modeled within the software, are 
seen in Fig. 3. 

The second step of die method illustrated in Fig. 1 is to designate points 39 on the 
IS components to emulate features 40. As seen in Fig. 4, features 42, such as holes, 
protrusions, or a point on the surface of the component, are noted on each component 22, 
24, or 26. Preferably, the user selects points 39 which were imported from a CAD system 
to emulate the features 42. However, the user may enter coordinates into the software to 
designate the points 39. 

20 If the mirror or duplicate function is used when modeling the con^)onents, any 

points designated on the first portion of the component are copied during the mirror or 
duplicate function. However, the user has the option of adding a prefix and/or suffix to 
the name or other designation of each point to differentiate the mirrored or duplicated 
points from the original points, 

25 The third step in the method illustrated in Fig. 1 is to form datum reference frames 

for each of the components SO. As seen in Fig. S, the datum reference frame of a 
component is preferably defined by selecting at least three points on the component to 
limit the degrees of freedom of the component. For many components, up to six points 
may need to be selected to sufficiently limit the degrees of freedom. Thus, the datum 

30 reference frame is defined in relation to a global coordinate system; and die datum 
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reference frame provides a means for measuring the deviation of the features and the 
components relative to the datum reference frame, thereby allowing each component to 
have its own reference frame yet providing means for the deviations on individual 
components to be measured against each other based upon the global coordinate system. 

To define the datum reference frame, the user may select points 52 on the 
component 54 which were imported from the CAD system, or the user may enter 
coordinates to select each poim 52. Preferably, the points 52 selected emulate features on 
die componem 54, such as holes, protrusions, or a surface of the componem 54, and die 
points 52 selected are preferably diose for which analysis is needed. For example, if a 
user wished to analyze the amoum of space between two panel components of an 
assembly, the user would select at least one poim on the surface of each of the panel 
components. 

Fig.6 illustrates the relationship among a coordinate system 56, a datum reference 
frame 58. and a poim. namely poim "P" 60. As seen in Fig. 5(a). a first coordinate 
system 56 is defined; a second coordinate system 62 is defined, and point P 60 is defined 
in relation to the second coordinate system 62. As seen in Fig. 5(b), the second coordinate 
system 62, including poim P 60, is deviated with respect to the first coordinate system 56 
to form the datum reference frame 64 and point P' 66. Then, as seen in Fig. 5(c), the 
point P- 66 is allowed to deviate with respect to the datum reference frame 64 to form 
point P" 68. Thus, the deviation of the point P" 68 is defined in relation to the datura 
reference frame 64. and die datum reference frame 64 is defined in relation to the first 
coordinate system 56. 

The fourtfi step in the method illustrated in Fig. I involves defining die tolerances 
of the components and feamres widi respect to die datum reference frames 70. As seen 

25 in Fig.7, diere are several steps involved in defining die tolerances on die features and 
components. First, die feature preferably is defined by a location and size, such as 
defining a hole having a diameter 72. Second, as seen in Fig. 8(a), the pattern and featm-e 
tolerances 76 and 78 must be determined 75. Typically, diese tolerances are pre-defined 
by die designer of the componem and are commonly known as pre-determined build 

30 objectives. Pre-defined tolerances are typically provided as follows: 
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where the pattern tolerance 76 equals .025 millimeters, and the feature tolerance 78 equals 
5 .006 millimeters. Additionally, the pattern is limited by two degrees of freedom as 
evidenced by the two points A and B 80 and 82 so that only translation of the pattern is 
allowed. The feature, limited in only one degree of freedom as evidenced by the single 
point A 84, may translate and rotate. The pattern includes at least two points or features 
on the component which the designer determines must move with respect to one another 

10 for the components to be properly assembled. 

Third, a pattern deviation is determined using the two tolerances 76 and 78 defined 
by the pre-determined build objectives 80. Therefore, the root sum square calculation 
determines the deviation of the pattern based upon the pre-defmed tolerances. For the 
above: referenced build objectives, the pattern deviation is calculated as follows: 

15 a = [(.025/6)^ - (.006/6)^]*^ 

Fourth, one of the points in the pattern is selected at random and preferably 
designated as A 82. Fifth, the pre-determined build objectives are reviewed to determine 
if the pattern is allowed to rotate 84. 

If rotation of the pattern is allowed, the other points defined in the pattern are 

20 measured from point A to determine which point, designated B, is the furthest from point 
A 85. Next, both points A and B are deviated by the pattern deviation to deviate the points 
by a distance and an angle 86. The pattern deviation defines circular zones 87 (as seen in 
Fig. 8) within which points A and B may fall. The change in angle between point A and 
point B is determined by moving each of them the maximum distance allowable within the 

25 circular zone and calculating the change in angle between them. Thus, a maximum angle 
by which the pattern may rotate is determined. Next, a new orientation 88 of the pattern 
is determined 89. The translation of die pattern is based upon point A, and the rotation 
of the pattern is based upon the change in angle between points A and B. 

If the pattern is not allowed to rotate, the pattern deviation is applied to point A 
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90. Again, as above, the pattern deviation defines a circular zone 87 within which point 
A must faU. Next, a new orientation 88 of the pattern is determined from the translation 
of point A 92. 

Once the orientation 88 of the pattern is determined whether or not the pattern was 
5 allowed to rotate, each point in the pattern is transformed into a new position 94 based 
upon the orientation 88 96. Then, the standard deviation of the feature is calculated to 
determine to what extent the feature may deviate within the pattern 98. 

Thus, die tolerances of the features are defined with respect to the pattern, also 
known as the datum reference frame, rather than to the global coordinate system. 
10 The fifth step in the method illusu-ated in Fig. 1 includes defining any additional 

geometry required to define die tolerances 76 and 78 100. For certain components, 
geometry, such as vectors, may be needed to further define the tolerances 76 and 78 of 
the features. For example. a point on a surface of a component may be able to deviate in 
three dimensions due to gaps between components once they are assembled. 
15 The sixth step in the method illustrated in Fig. 1 includes assigning assembly 

coordinate systems to the components and assembling them 102. The components are 
mated within the software based upon their assembly coordinate systems, rather than by 
matching points on the components. Therefore, an assembly coordinate system must be 
defined for each component. 
20 The user may select the datum reference frame, which was previously defined, as 

the assembly coordinate system, or. as seen in Fig. 9, the user may select a new set of 
points 110 to limit the degrees of freedom of the component 54 and define a new 
coordinate system 112. However, in whichever manner the assembly coordinate system 
1 13 is defined on each of the components 54, the points 1 10 used in defining die assembly 
25 coordinate system 1 13 must be selected in the same order on each of the components 54 
to be assembled. For example, if two rectangular blocks are to be joined and a corner 
point is selected on the first block, the corner on the second block which will meet the 
corner point on die first block must be selected as a point. Additionally, the points 1 10 
on each of the components 54 must be selected in the same order when defining the 
30 assembly coordinate system for each component. As seen in Fig. 10, die user clicks a 
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single button 1 14 on the screen to define the assembly coordinate system 113. 

As seen in Fig. 11, once an assembly coordinate system is defined for each 
component, the first component 22, or fixture 120, is selected within the assembly flow 
diagram 21. The fixture 120 is defined as the component upon which the remaining 
5 components will be assembled. A second component 26 is also selected within the 
assembly flow diagram 21. The user selects from the software menu to assemble the 
[selected component] on to the [selected fixture]" 122. The software, using the two 
defined assembly coordinate systems, mates the selected component 26 to the fixture 120 
to form a subassembly 124. This relationship is seen graphically within the assembly flow 
10 diagram 21, as seen in Fig. 12. 

As seen in Fig. 13, in some instances, there may be multiple solutions 126, 128, 
130, and 132 to the assembly of the components 120 and 26. If so, the user is notified that 
multiple solutions 126, 128, 130, and 132 to the assembly exist, and the user is allowed 
to cycle through each of the solutions 126, 128, 130, and 132. The user may dien select 
15 the solution 126, 128, 130, or 132 which visually appears correct. 

Once the components 120 and 26 are assembled, real-time modifications may be 
made to the assembly 124 by opening the component windows and making modifications 
to the components 120 or 26. Any changes are saved in the component data and 
simultaneously in the assembly data, and any modifications made will appear graphically 
20 on the completed assembly 124. 

The seventh step in the method illustrated in Fig. 1 includes determining if there 
are any tolerances defined for the assembly 130, similarly to the pre-determined build 
objectives defined for the features and patterns. Any assembly tolerances would be pre- 
defined by the designer of the assembly. If there is assembly tolerancing, then the 
25 deviations on the components are defined with respect to the datum reference frames 1 32, 
in the same fashion as the feature tolerances were previously defined with respect to the 
datum reference frames. 

Whether or not any tolerances are defined for the assembly, the next step in the 
method illustrated in Fig. 1 is to define the measurements on any sub-assemblies and the 
30 completed assembly 134. Once the components are mated or assembled, the distance 
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between the corresponding points is calculated to determine tlie gap between the points. 
A designer of a component or assembly may define a maximum allowance between 
components as additional pre-determined build objectives to ensure an assembly that is 
comprised of tightly mated components and which does not have unsightly gaps or seams. 
The user may measure the gaps between selected points on the completed assembly and 
manually compare these results to the pre-determined build objectives. 

The final step in the method illustrated in Fig. 1 is to run simulations on the 
components and assembly and evaluate the results 136. Figs. 14 and 15 show diree and 
four element reports 150 and 152, respectively, which are available to analyze the 
simulation results. Preferably, a large number (at least 1000) of simulations are run, widi 
the tolerances on each of the features being varied and then the components assembled. 
As seen on the left side of Fig. 14 and the lower left side of Fig. 15, the criticality of each 
of the feature tolerances on the components may be calculated 154. This allows the 
designer to determine which tolerances are the most critical to having the assembly meet 
the pre-determined build objectives and which tolerances are less critical, thus allowing 
the designer to increase tolerances for specific components to lower manufacturing costs. 
Additionally, the designer may examine the percent of parts that are out of the 
specification for a given measurement. 

Further, the simulations may be run to generate "what if reports 156. All 
tolerances on the features are increased by the same amount, which may be selected by 
the designer, and the simulations are run. The software plots, as seen in the lower right 
comers of Figs. 14 and 15, the percent of the components that have fallen outside of the 
pre-determined build objectives. The Process Capability Index ("Cpk") is calculated fi-om 
the plot to evaluate the spread of the specification limits. The designer may run multiple 
simulations having multiple tolerance values to evaluate the feasibility of increasing the 
tolerances on the components to lessen manufacturing costs. 

The above descriptions are those of preferred embodiments of the invention. 
Various alterations and changes can be made without departing from the spirit and broader 
aspects of the invention as defined in the appended claims, which are to be interpreted in 
accordance with the principles of patent law including the Doctrine of Equivalents. 
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WHAT IS CLAIMED IS: 

L A method for assembling components in a multi-dimensional model, 
comprising the steps of: 

modeling at least two components of an assembly; 

selecting at least three points on each component; 

defining a coordinate system for each component based on said points; and 

assembling said components by aligning said coordinate systems. 

2. The mediod as recited in claim 1 , wherein said assembling step comprises 
the steps of: 

creating a plurality of multiple solutions by assembling said components 
in a plurality of configurations; 

viewing said plurality of multiple solutions of said assembled components; 

and 

selecting one of said multiple solutions as said assembly. 

3. The method as recited in claim 1 wherein said modeling step includes 
entering data to create a representation of each of said components. 

4. The method as recited in claim 1, wherein said defining step furdier 
includes defining a vector normal to said points. 

5. The method as recited in claim 1, wherein said defining step includes 
defining tolerances on said components. 

6. The method as recited in claim 5, wherein said tolerances are defined with 
respect to said coordinate system. 
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1. The method as recited in claim 5, wherein said tolerances are defined by 
determining deviations according to the steps of: 

defining at least one feature on one of said components; 

defining at least one tolerance for each of said features; 

calculating a deviation for each of said tolerances; 

selecting a point on said component at random; 

determining an orientation of said component based upon said randomly 
selected point; and 

transforming all points of said component into a new position based on said 

The method as recited in claim 7, further comprising the step of: 
applying respective deviations on all of said points on said component. 

The method as recited in claim 7 wherein said determining step includes 

applying a position deviation on a first point; and 
determining a new orientation of said component based on said first point. 

The method as recited in claim 7, wherein said determining step includes 

calculating a distance between a first point and a plurality of additional 

designating a given one of said additional points as a second point, said 
second point being the furthest distance from said first point; 

applying a position deviation on said first and second points; and 
determining a translation and rotation of said component. 

11. A method of assembling components in a multi-dimensional model, 
comprising the steps of: 

11 



deviation. 
8. 

9. 

the steps of: 
10. 

the steps of: 
points; 
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forming representations of said components; 

storing eacli of said representations in a memory; 

selecting at least three points on each component, said three points 
designating limits upon the degrees of freedom of said con^onent; and 

aligning said conq>onents based upon the respective degrees of freedom to 
assemble said components. 

12. The method as recited in claim 11, wherein said aligning step comprises 
the steps of: 

creating a plurality of multiple solutions by assembling said components 
in a plurality of conflgurations; 

viewing said plurality of multiple solutions of said assembled components; 

and 

selecting one of said multiple solutions. 

13. The method as recited in claim 11, wherein said forming step includes 
entering data to create said representations of said components. 

14. An apparatus for assembling representations of components in a 
multi-dimensional model, comprising: 

modeling means for modeling at least two components of an assembly to 
form representations of said components; 

selecting means for selecting at least three points in each of said 
representations; 

defining means for defining a coordinate system for each representation 
based on said points; and 

assembling means for assembling said representations by aligning said 
coordinate systems. 
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15. The apparatus as recited in claim 14, wherein said assembling means 
comprises: 

creating means for creating a plurality of multiple solutions by assembling 
said representations in a plurality of configurations; 

viewing means for viewing said plurality of multiple solutions of said 
assembled representations; and 

selecting means for selecting one of said multiple solutions as a 
representation of said assembly. 

16. The apparatus as recited in claim 14, wherein said modeling means includes 
display means for displaying each of said components in an individual window. 

17. The apparatus as recited in claim 14. wherein said modeling means includes 
reading means for reading IGES files for each of said components. 

18. The apparatus as recited in claim 14, wherein said modeling means includes 
data means for entering data to create said representations. 

19. The apparatus as recited in claim 14, wherein sais defining means includes 
vector means for defining a vector normal to said points. 

20. The apparams as recited in claim 14, wherein said defining means includes 
tolerance means for defining tolerances associated with said components in said 
representations. 



21. The apparatus as recited in claim 20, wherein said tolerances are defined 
with respect to the respective coordinate systems. 

22. A method of emulating a tolerance in a multi-dimensional model of an 
assembly of a plurality of components, said method comprising the steps of: 
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defining a feature and a pattern on said model of one of said components, 
said feature including a location and a dimension; 

determining an allowable tolerance for said feature; 

calculating a standard deviation for said feature tolerance and for a pattern 

5 tolerance; 

selecting, at random, a point on said pattern; 

applying a position deviation on said randomly selected point; 

determining an orientation of said pattern based upon said randomly 

selected point; 

10 transforming a plurality of other points for said pattern to a new location 

based upon said orientation of said pattern; and 

applying said position deviation on said plurality of other points. 

23. The method as recited in clam 22, wherein, if said pattern is allowed to 
rotate, further comprising the steps of: 

after the step of selecting said randomly selected point, determining which 
one of said plurality of other points of said pattern is the furthest distance from said 
randomly selected point; 

said first applying step including said position deviation on said furthest 
distant point; and 

said third determining step including determining a translation and rotation 
of said pattern. 

24. A method of emulating a tolerance in a multi-dimensional model of an 
assembly of a plurality of components, said method comprising the steps of: 

defming at least one feature on one of said components; 
25 defining at least one tolerance for each of said features; 

calculating a deviation for each of said tolerances; 

selecting a point on said component at random; 

determining an orientation of said component based upon said randomly 

14 
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selected point; and 

transforming a plurality of points on said component into a new position 
based on a respective deviation. 

25. The method as recited in claim 24, further comprising the step of: 
applying said respective deviation on all of said plurality of points on said 

component. 

26. The method as recited in claim 24, wherein said at lease one feature is 
defined by a location and a size. 

27. The method as recited in claim 24, wherein said respective deviation is 
calculated by the root sum square of two deviations. 

28. The method as recited in claim 24, wherein said determining step includes 
the steps of: 

applying a position deviation on a first point; and 
determining a new orientation of the component based on said first point. 

The method as recited on claim 24, wherein said determining step includes 

calculating a distance between a first point and a plurality of additional 

designating a given one of said additional points as a second point, said 
being the furthest distance from said first point; 
applying a position deviation on said first and second points; and 
determining a new translation and rotation of said component. 

30. A method of emulating a tolerance in a multi-dimensional model of an 
assembly of a plurality of components, said method comprising the steps of: 



29. 
the steps of: 

points; 

second point 
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modeling a representation of each of said plurality of components, said 
representation including respective features and patterns of said components; 

selecting a plurality of points on said representation of said component; 
defining tolerances for a given pattern and a given feature; 
determining a standard deviation of said given pattern; and 
applying said deviation to said pattern. 

31 . The method as recited in claim 30, wherein said applying step includes the 
steps of: 

selecting, at random, one of said plurality of points; 

determining a distance between said randomly selected point and each of 
the other points of said plurality of points; 

selecting one of other points having the greatest distance from said 
randomly selected point; 

applying a position deviation on said randomly selected point and on the 
one other point; and 

transforming each of said plurality of points into a new position. 

32. The method as recited in claim 30, wherein said ^plying step includes the 
steps of: 

selecting, at random, one of said plurality of points; 
applying a position deviation on said randomly selected point; 
deterihining a translation of said given pattern based on said randomly 
selected point; and 

transforming each of said plurality of points into a new position. 

33. A mediod of displaying a report on a number of tolerances associated with 
at least one component of an assembly, such method comprising the steps of: 

generating a plurality of statistical data for a given simulation for said at 
least one component; 
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generating a plurality of tolerance critical ity data for said given simulation; 

generating a plurality of tolerance failure data for said given simulation; 

displaying said plurality of statistical data, said plurality of tolerance 
criticality data and said plurality of tolerance failure data for said given simulation within 
respective discrete portions of said report. 

34. The method as recited in claim 33, wherein said step of displaying said 
plurality of tolerance criticality data comprises the step of: 

displaying a bar chart of said tolerance criticality data. 

35. The method as recited in claim 34, wherein said bar chart comprises a 
three-dimensional bar chart illustrating said tolerance criticality data. 

36. The method as recited in claim 33, further comprising the step of: 
calculating, from said plurality of tolerance failure data for said given 

simulation, a process c!^)ability index associated therewith. 

37. The method as recited in claim 33 , wherein said respective discrete portions 
of said report are displayed together on a viewing screen. 
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